"TYPHUS fever is an infectious disease which runs an acute course of from twelve to fifteen days and culminates spontaneously in a more or less abrupt lysis. It is characterized by an incubation period of from five to twenty days, a high continued pyrexia and a petechial rash."
This definition of the disease is quoted from Wilder, 1911; he adds that the method of dissemination " is of a peculiar nature not dependent upon the direct transmission of the contagium from the sick to the well, but rather by the transfer of body parasites (lice) carrying the contagium.."
In opening this discussion I propose only to touch quite superficially and in passing upon the historical aspect of the question, then to consider the more probable views as to the nature of the actual virus, and finally to give a short critical account of the experimental evidence relating to the transmission of the disease by insects, notably by pediculi. Typhus is a disease of dirt, misery, crowding and famine, it is associated with periods of unrest and political upheaval and above all with war. In the individual fear and mental anxiety are frequently noted as adjuvant circumstances. The disease has a wide distribution but is restricted to temperate climnates. When it appears in warmer regions it is only to be found at high altitudes or during the cold season. Thus in Mexico typhus occurs on the high cool plateau and Robertson: Researches into the AEtiology of Typhus not on the tropical seaboard; similarly in North Africa and in India it is a winter and a mountain disease.
From the historical point of view typhus is not particularly interesting, largely because it has not got any very dramatic symptoms by which it can be recognized in early and imperfect accounts. Ancient and mediaeval writers were in a happy state of confusion about all fevers, and typhus' seems to have appeared along with plague, relapsing fever, malaria and typhoid, with all of which it has at various times been confused.' It was first recognized by Girolamo Frascatori in 1505 as a fever distinct from plague, and the nanme "petechie" was used for it. Nevertheless it was long considered to be only another and less severe manifestation of the very familiar and much dreaded pest. The confusion of typhus exanthematicus with typhoid fever occurs all through the literature up to within quite recent times, and in Germany there is.
to this day a certain inclination to consider them as one.'
From the beginning of the sixteenth century onwards there is a, succession of typhus epidemics in every country in Europe; wars and bad harvests, either alone or operating together, seem to bring this disease in their train as an almost inevitable concomitant. There is no particular interest in following these dismal records, it is more to the point to note the very few instances in which wars did not produce serious outbreaks of typhus. As far as I have been able to discover France and America are the only countries where a war has not inevitably brought this disease.
France has rather a curious history in regard to typhus in the nineteenth century: from the end of the Napoleonic wars up to 1852 there is a complete absence of typhus. The winter of 1852-53 was very cold and food was scarce in Paris; dysentery, bronchitis and pneumonia became frequent and in the early spring of 1853 typhus broke out. Interestingly enough this epidemic was not restricted to the poor and badly housed alone, but affected all classes; the mortality in the private practices among the wealthier and therefore better nourished people was, however, very low, only 1 per cent., whereas among the hospital patients drawn from the poorer classes the mortality was 21 per cent. This seems to point to the important connexion between the severity of the disease and the state of nutrition of the population. The army returning from the Crimea brought typhus again into France and there were several epidemics, which, however, died down in the course outbreaks of typhus in Flanders, and Haeser states that in the Canton of Mons the mortality was only 1 per cent., whereas in another district of Flanders there were 734 cases, of which 693 died, equalling at mortality of 94.4 per cent.
One feature stands out very distinctly, especially in the later and more clearly differentiated epidemics, and that is the close connexion of famine with typhus; in every case a scarcity of food seems to create the particular conditions that foster this disease. No such connexion is found to anything like the same extent for instance in epidemics of plague or cholera or small-pox. Curiously enough European relapsing fever seems also connected more particularly with periods of hunger.
Before leaving this aspect of the question, which will I hope be treated in detail by some of the epidemiologists present, I would like to touch upon an account of typhus in Serbia given by Dr. Jeanneret-Minkine. This is a vivid and interesting little book, though in some respects it is superficial and not very accurate. It is, nevertheless, a convincing description recorded at first hand by an experienced and observant medical man. The author is much impressed by the effect of the psychological factors of fear and depression in predisposing to the disease, and as affording a bad prognosis when infected. He also notes the fatigue and exhaustion of the soldiery at the time of the outbreak of the epidemic. In many instances the hospitals themselves were active centres for the actual spread of the contagion, and ne gives 98 Robertson: Researches into the zEtiology of Typhus a number of striking instances to show that pediculi were accountable for the spread of the disease. He notes for instance that the only.' hospital where typhus did not break out was an English one at Uskub, which was able to keep itself free from lice, and where the well instructed personnel refused to take patients except in the numbers that their bathing and receiving arrangements could cope with. Jeanneret-Minkine describes his own hospital as being simply flooded with patients who could not be washed, for whom they did not have clean shirts, and for whom there were no blankets; they had therefore to lie in their uniforms. All the medical men took typhus except one, who assured his colleagues that he had been able to keep free from lice.
The author thinks that cimex may also transmit the disease, but the evidence he ad.duces is not sufficiently sound, and the louse channel is not excluded in the instance cited. He notes among his clinical observations the great frequency of secondary infections, such as abscesses of the parotid gland, a certain number of septiceemias, and not infrequently pneumonia. I wish to draw attention to these complications in typhus as they are interesting in view of some of the many organisms obtained by various observers from the blood of typhus patients. And in this connexion I would like to note how certain epidemics as a whole seem to be marked by a frequent appearance of a particular complication-for instance, the great tendency to gangrene of the feet in the Serbian epidemic. In a bad epidemic in Silesia in 1847 bronchial catarrh and pneumonia were very prevalent complications. These bronchial' features are also noted in an Irish epidemic cited by Haeser. Jeanneret-Minkine lays stress in the Serbian epidemic on the well-known feature of the bad condition of the mouth, and considers that many of the secondary infections have obtained their entry by this means. I think that in some of these features we have the explanation of the many cocci, &c., described from the blood of typhus patients, to some of which I must refer in a later part of this account. Jeanneret-Minkine's observations upon the experimental side of our knowledge need not delay our attention.
In passing to the consideration of the actual nature of the virus it is interesting to notice the rapid advance in knowledge that has occurred since 1909, when Nicolle first succeeded in producing experimental typhus in monkeys. Once the investigator can remove a disease from the region of mere description and what one may call police court evidence, into the sterner atmosphere of experiment and scientific deduction, the mystery begins to yield, and although the typhus problem is not yet by any means solved, we have nevertheless a good deal of knowledge about it.-The literature is vast and often contradictory, and I can only claim to have done my best to condense the results of the more important work into the brief space of this discussion. It will be easier to give an epitome of typhus ten years hence than it is to-day, as authors are still at that stirring stage in research when they contradict each other cheerfully upon matters of fact. The earnest disciple, therefore, can have a number of the basic facts relating to typhus according to two or three conflicting doctrines. It is sometimes possible for the critic to arrive at a conclusion from the evidence put forward, but there are many instances in which that is not feasible.
It was clear when Nicolle was able to produce typhus reaction in monkeys by the injection of blood from a patient suffering from the disease that the virus was present in the peripheral blood. Since then monkeys have been used, and of late years also guinea-pigs, as experimental animals in typhus research, and a great deal of our knowledge has been derived from the study and the control of the reaction of these animals under various conditions of experiment. It is rather important, therefore, to consider at once the value of these animal tests. In the case of the monkey I am myself convinced that there is no doubt whatever that the injection of virulent typhus blood produces a marked and clearly defined febrile reaction. It is, however, of the utmost importance that a careful and prolonged observation of the individual animal in regard to its normal thermal chart be made before the test injection. Small variations in temperature are withoutsignificance, and many monkeys in captivity run high and irregular temperatures due to causes outside the experiment. These factors must of course be taken into account. One other point can also be disposed of-namely, that monkeys do not in my experience, nor in that of a number of workers, show any febrile reaction to the mere injection of human blood into the peritoneum. I have no personal experience of the typhus reaction in guinea-pigs, but it appears that they also are useful animals though not so susceptible as monkeys; here also the charts require to be considered strictly with respect to the normal chart of the individual animal. The experimental knimal having been found and the whereabouts of the virus determined, the next problem was, in what part of the blood did the infective agent reside, and what was its nature ? With this end in view Nicolle, Conor and Conseil carried out experiments in Tunis, and further work was also done by Ricketts and Wilder in America, and also by. Anderson and Goldberger. Nicolle, Conor and Conseil, in 1911, came to the conclusion that the 'virus was contained in the leucocytes. They considered the plasma, which they found less infective, owed its virulence only to the leucocytes or leucocytic debris from which it is difficult to free the plasma. They further state that the centrifuged blood-serum obtained after clotting is not infective, a result which Anderson and Goldberger do not confirm. Nicolle and his colleagues also give an experiment in which the washed red corpuscles failed to infect, although the blood as a whole was quite virulent. They tested the cerebrospinal fluid, which was clear, and found it devoid of virulence. Anderson and Goldberger repeated Nicolle's experiment, separating the blood elements with great care, and come to conclusions in which they criticize some of the French workers' interpretations. I quote the summary from Anderson and Goldberger, which seems upon the evidence brought forward to be a sound series of deductions (1912, p. 61) .
"(1) That the evidence adduced by Nicolle, Conor and Conseil does not especially favour their hypothesis of an intraleucocytic localization of the virus of typhus-on the contrary the infectivity of the centrifugated blood serum .obtained after clotting with its low leucocyte content would be in favour of a parasite free in the circulating plasma of the blood; (2) that the blood serum of virulent typhus blood is constantly infective, whether obtained from defibrinated blood or after clotting, instances of its apparent avirulence being -explicable by a natural resistance of the monkey; (3) that it may perhaps be possible to deprive typhus blood serum (obtained after clotting) of its virulence by prolonged centrifugation, but that this does not necessarily indicate an intraleucocytic localization of the virus; and (4) that repeated washings of the blood corpuscles do not deprive them of their infectivity, a fact explicable by the physical phenomena involved in centrifugation."
In connexion with this question of the localization of the virus in the blood, Anderson and Goldberger carried out a pretty experiment with citrated blood from the heart of a guinea-pig infected with anthrax. They centrifuged the citrated blood and made plates from measured quantities of the separated elements. The distribution works out as follows: "Whole blood," 100 organisms; "centrifuged plasma," one organism; leucocyte cream, 10,000 organisms; " reds," ten organisms. In this case where there is an organism free in the plasma, its relative distribution in the different blood elements agrees exactly with the relative inafectivity put forward by Nicolle and his colleagues for the same blood elements in virulent typhus blood.
Valuable work done by Ricketts and Wilder, and independently confirmed by Anderson and Goldberger, shows that the virus is at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from contained in the serum obtained by centrifuging the defibrinated blood and also that filtration through a Berkefeld candle robs the serum of its infectivity. This experiment, carried out by Ricketts and Wilder in February, 1910 , is carefully documented. The serum was divided; one part inoculated without filtration into a monkey produced a typical attaek of typhus; the filtered portion produced no effect whatever. This animal is subsequently tested for susceptibility and shows a perfectly definite typhus reaction. Wilder, in addition, repeated his experiment with the following result: the m-lonkey which received the unfiltered serum showed a typhus reaction, while the animal which received the filtered material remained quite unaffected. When, however, both monkeys were subjected to an immunity test at a later period both were found to resist the attack; the control monkeys to this experiment showed the usual typhus infection. The resistance of the monkey which had received the filtered serum can be explained by one or more hypotheses which the author states, without however selecting the one he prefers.
(1) The monkey may have been naturally immune.
(2) The animal may have been immunized by the filtered serum. In this connexion Wilder points out that there are variable factors in filtration experiments: for instance he used a different candle, though of the same nmake and number; also the suction pressure was not controlled. Therefore in the second experiment products may have come through which were excluded in the first instance. In addition the two experiments were made from the blood of different patients who were not at the same stage of the disease. Wilder also suggests that the organism may be pleomorphic and may differ in size at different stages. And he finally adds that fragments of the organismn or toxins may have come through which were capable of immunizing the animal.
Nicolle, Conor and Conseil, in their paper of October, 1910, have also one experiment in which a monkey which had received filtered serum from clotted typhus blood showed itself immune to a subsequent infection of virulent typhus blood. This animal (No. 47) exhibited a small rise of temperature, of however less than 1°C., between the fifteenth and twenty-first day after receiving the filtered serum. The French workers look upon this as a positive experiment. In several other attempts the filtered serumii gave uniformly negative results. It must be noted that Wilder in all his work is not sufficiently on his guard against the important factor of a natural immunity against typhus either temporary or permanent in a monkey, and Nicolle and his colleagues do not consider this possibility at all. It is to the credit of Anderson and Goldberger that they did become alive to this very cogent feature, and their experiments reveal a tolerably frequent occurrence of animals who showed a natural immunity against the disease. They state that " 22'5 per cent. of rhesus monkeys possess at least a transient natural immunity, and it seems reasonable to consider that in about 3.5 per cent. of monkeys the resistance noted amounts to a permanent natural immunity."
The temporarily immune monkey may receive a full dose of infected blood without showing any reaction. They are however not immunized by this, and will react at a second or third inoculation given subsequently. Anderson and Goldberger, who carried out several filtration experiments, point out that Nicolle's so-called filter-passing experiment hinges entirely on this question of the possible natural immunity of the monkey. The American authors have themselves an experiment in which a monkey received a dose of filtered serum ,to which he did not react; after thirty-four days he received an inoculation of 6 c.c. of virulent blood a.nd showed no febrile reaction. The authors point out that at this stage they might have concluded that the filtrate had immunized this monkey. However they went on and gave another injection of virulent blood in seventy days from the injection of the filtrate and the animal developpd a very typical typhus fever. They have another experiment also exactly parallel to this one.
To summarize these points: There is no experiment recorded, as far as I am aware, in which a monkey showed a typical typhus reaction upon the injection of filtered serum from a typhus patient. There are about twelve experiments in which filtered serum produced no febrile reaction and in which the monkey was not immunized by the injection of the filtered serum. The experiments recorded in which filtered serum from typhus patients appeared to immunize a monkey against a subsequent infection, do not exclude the possibility of the monkey being naturally immune. I conclude, therefore, that the evidence indicates that the virus of typhus will not pass a sound Berkefeld filter.
All the authorities are agreed that one attack of typhus in an experimental animal confers a solid immunity against subsequent attacks.
So much then for the work on the virus treated as a whole, carried out by workers who considered that they could not see it nor cultivate it. I have now to consider some of the work of the people who thought they could either see the infective agent, or grow it, or both. I cannot consider anything like all the views put forward along these lines; I have selected representative examples. Plotz, in 1915 , isolated a pleomorphic bacillus from cases of typhus in New York. He describes his method-the organism is an anaerobe. He isolated the same organism from eight guinea-pigs and one monkey, which were experimentally infected with the virus of typhus obtained from Anderson and Goldberger. Plotz and his colleagues Olitzky and Baehr used their particular method of cultivation of the blood in a number of other febrile conditions such as typhoid fever, tuberculosis, acute osteomyelitis, acute rheumatic endocarditis, &c. They state that " in none of these 198 cases was an organism recovered which in any way resembled the bacillus isolated from cases of typhus fever."
One of these workers, Olitzky, carried out a detailed series of serological tests which I cannot deal with here, and comes to the conclusion that he is dealing with specific agglutinins and precipitins. In the next section of this paper the three authors record experimental work with the virus derived from cases of typhus, or from animal passage, and with the cultures isolated from cases. The animals used were guinea-pigs. They cultivated the.pleomorphic anaerobe from a certain proportion of animals inoculated with the typhus virus. To quote their results in their own words: "Of nine guinea-pigs with mild febrile reactions, in only one was the blood-culture positive. On the other hand, in fifteen animals with severe reaction, the blood culture was positive in seven, or almost 50 per cent. This relation between the blood cultures and the severity of the disease was also observed in the human typhus cases."
The weakest part of this work lies in the fact that the cultures isolated proved to be incapable of producing the disease in a quite convincing manner in animals susceptible to typhus. Two cases only are cited where a reaction was produced upon injecting the culture into guinea-pigs, and neither can be held to be perfectly conclusive.
Subsequent experiments were absolutely negative, which the authors explain along the usual lines, that the subculture on artificial media robs the organism of its virulence.
Plotz's work has now been confirmed by Popoff, who investigated an epidemic of typhus in Macedonia; the results were published in the Deutsche Medizinische Wochenschrift, in April, 1916. He repeated Plotz's work, using precisely the same method, and obtained an organism which tallied with that described by the American authors. Blood cultures were most likely to be successful if made before the crisis and at the height of the rash. He then proceeded to test the sera of typhus patients for the presence of agglutinins, and found that he could obtain a very, clear reaction with sera taken from the patient at or after the crisis. Agglutinins were not present as a rule in the earliest days of the disease, but developed from the crisis onwards and showed the highest titre about seven to fifteen days after the crisis.
Popoff could find agglutinins in the sera of two men who had had typhus ten months previously. Moreover he found that the sera of two men, vaccinated three and four months previously with Plotz's bacillus, agglutinated his strains isolated in Macedonia, thus suggesting that the organism isolated by Plotz in America and by the author in Macedonia were identical in this respect.
Popoff put up satisfactory controls to his experiments and his paper reads convincingly. It is true that it may be objected that the deinonstration of an organism in the blood during the height of a disease, and the subsequent development of agglutinins specific to that organism, are not in themselves proof that the said organism is the exciting cause of the disease. Nevertheless in nmany instances-for example, that of typhoid fever-such evidence would be taken as authorizing a diagnosis which nobody would dispute. It can very reasonably .be held that Bacillus typhi-exantheematici of Plotz is a secondary invader, but it must be admitted that the evidence is beginning to accumulate in favour of this organism. I have given Plotz's work in full, as in conjunction with that of Popoff it seems to constitute the best documented case of any of the organisms grown from typhus blood. Typhus has a bad reputation and pathologists and bacteriologists have a certain impatience with any new claimant in the way of an organism said to be the exciting cause of this disease. If typhus had a clean slate and started as a new condition about which we had no views, Plotz's work would be treated much more seriously and Popoff's confirmation would add the weight of an independent repetition of the result'. It may also be noted that a minute organism free in the plasma would fit in with the experiments of Anderson and Goldberger as to the seat of the virus in the infected blood. Plotz obtained further confirmation from Olitzky, Denzer and-Husk, who repeated his work in Mexico with similar results. There are some interesting points in this paper, but I cannot go further into them at present. Plotz's bacillus was grown from the presumably infected lice.
I must now consider some of the other organisms put forward as playing a part in typhus.
Rabinowitsch has consistently grown a cocco-bacillus by aerobic methods from the blood of typhus patients-he considers it to be the causal agent of the disease. I think, as in so much of the work along these lines, that he puts up a very good case for the presence of the organism, but the causal connexion between it and the disease does, not appear to me to be established.
Wilson grew cocci from the blood of typhus patients in Ireland, but considered them to be secondary invaders.
Penfold obtained a haemophilic diplococcus also from cases in Ireland, and I have myself confirmed this result, using his method. One point however came out, that out of the two cases the first gave very few colonies, but the blood was quite virulent when injected into six monkeys, the incubation period being six days; the second patient was past the crisis, and the monkeys failed to react to the injection during nineteen days, when the observations were given up owing to circumstances beyond my control-i.e., the Sinn Fein rebellion-but the blood cultures gave many more colonies than in the case of the first patient. This is, I think, evidence on the side of the coccus being a secondary invader.
Hort and Ingram, in a brief note in 1914, claimed that the exciting cause of typhus fever was a pleomorphic aerobic bacillus which they described somewhat comprehensively to be the same as Plotz's organisnm and as that described by Rabinowitsch. This seems scarcely probable as the cultural characters seem somewhat divergent.
Hegler and Prowazek (1913) carried out some investigations into typhus. Prowazek noted, in fifty-one cases examined, alterations in the polymorphonuclear neutrophil leucocytes. These changes were not seen in cases of measles and amoebic dysentery, &c., investigated at the same time. He observed fragmentation of the nucleus and in addition round or oval bodies which are sornetimes double; these bodies are welldefined, with sharp contours, and stain an intense carmine colour with Gienmsa's method. The bodies are never internuclear. Prowazek distinguishes these appearances from Doehle's bodies. The bodies appeared in the leucocytes about the third day of the disease; they persisted after defervescence and were present in one case as late as the nineteenth day of the illness. Monkeys infected with typhus showed these bodies in their leucocytes; they were not found in infected guinea-pigs.
We now come to deal with the transmission, and here again the pioneer work was done by Nicolle and his colleagues in Tunis. In 1909 these workers obtained the first transmission of typhus from monkey to monkey by means of body lice. The details of the experiments are as follows: The virus was obtained from a patient on May 19, on the third day of his illness and at the time of the appearance of the rash, and inoculated into a chimpan,zee. After an incubation of twentyfour days this animal showed a febrile reaction correspondirng in type with that of typhus. Blood from this chimpanzee was inoculated into a Macacus sinicus, which developed a typical attack of typhus. Body lice, twenty-nine in number, were fed on this monkey on the sixteenth day after inoculution. The next day, and for the following days until the lice had all died, they were allowed to feed on two bonnet monkeys, A and B. Monkey A was bitten by lice varying in number from fifteen to three. Monkey B was bitten for fourteen days by lice varying from fourteen to three in number. The lice were kept between the feeds at a temperature of 160 to 20°C. Monkey A showed no change for twenty-two days when there was a rise in temperature. The fever remitted slowly from the thirtieth day to the thirty-fourth; there was a second attack of fever on the thirty-ninth day, and the monkey died on the forty-fourth day. While this is not a perfectly regular typhus chart it must be noted that fevers of this type may be produced by the direct inoculation of the virus into monkeys. Monkey B had a long incubation period-namely, forty days-during which the chart of its temperature ran in a perfectly normal manner; there was a febrile reaction from the forty-first to the forty-sixth day, and the temperature declined by crisis. The passages of blood made from monkeys A and B on to other monkeys did not give rise to any definite typhus reaction, and the authors call them " r6actions febriles avortees." They attribute their lack of sucecess to the lowering of the virulence by passage. Ricketts and Wilder in 1910 made experiments similar to those of Nicolle and found that they could immunize monkeys against infection with virulent blood by the bites of infected lice. In a later paper Wilder (1911) gives the results of further work upon this question. Eight monkeys were subjected to the bites of lice previously infected by feedings on human typhus patients. Five of these were positive and the monkeys were immunized by this exposure to the bites of the insects, although to quote the author's own words: "In none of our insect experiments were we able to provoke a very characteristic febrile reaction, although slight fever was observed in nearly every case, but when a monkey is exposed to the bites of infected lice he is thereby immunized to typhus fever, so that he proves refractive when later injected with virulent blood."
Wilder carried out rather an important experiment as follows: Six lice were allowed to feed three times at intervals of twenty-four hours on a typhus patient during the eighth, ninth and tenth day of his illness; the lice were then kept for forty-eight hours at a temperature of 110 C. to 120 C. without food. The intestinal contents of these six lice were introduced into scarifications of the skin of monkey No. 32. The animal showed no reaction, but he had developed a solid immunity and failed to react to the injection of 4 c.c. of virulent blood; the control monkeys reacted quite typically. The interesting features in this case are that it shows that the lice became infected some time between the second and fifth day after feeding; it is also pretty clear that the causal agent must have multiplied in the lice in that time as the quantity of blood contained in the insects during the experiment cannot have exceeded '0@6 c.c., which is much below the lowest infecting dose of the most infectious blood. The minimum infecting dose lies in direct passage of typhus blood between O2 c.c. and 1 c.c. of defibrinated blood. It must, however, be remembered in considering the results of this experiment that Wilder was not sufficiently alive to the possibility of natural immunity in the monkey, and one would like to see this piece of work repeated. Wilder made an interesting investigation by rearing the eggs deposited by infected lice. The young lice were never themselves directly exposed to infection. These young lice were allowed to feed upon a normal monkey (No. 42), which was subsequently tested for immunity. Wilder considers that this monkey was rendered immune, but the chart he gives on p. 89, which shows the temperature of the monkey after receiving the virulent blood which constituted the immunity test, is not quite satisfactory, as there is a slight febrile reaction on the ninth day. Wilder considers that this reaction is so much slighter than that of the controls that he concludes that the monkey was immune, and " owed his immunity to his previous infection by the young lice, and that hereditary transmission of the infectivity of the louse is established to the extent of reasonable probability." -Looking at this result of Wilder's with the eye of criticism, one cannot help considering that the evidence, though suggestive, is rather slender to establish so important a point. It should be noted that Anderson and Goldberger failed to obtain any evidence of hereditary transmission of the virus in the louse; their experiments with lice hatched from presumably infected mothers being definitely negative. Anderson and Goldberger made experiments in the transmission of typhus by lice which corroborate and extend those of Wilder; they conclude that both Pediculus vestimenti and Pediculus capitis may become infected with -typhus, and that the infection may be transmitted by subcutaneous injection of the crushed insects or by their bites. Anderson and Goldberger failed to transmit the virus of typhus by means of the bites or by the subcutaneous injection of crushed bed-bugs.
In considering the value of all these experiments on transmission detailed above, it is clear that the actual experimental demonstration hinges upon the question of the immunity of the monkey. Natural immunity occurs and is a factor which obscures the result, nevertheless the number of experiments is sufficient to render the question virtually settled. One curious feature calls for notice-namely, that as Anderson and Goldberger show very clearly, a full dose of virulent blood if it fails to produce a febrile reaction also fails to immunize. That is to say, that in direct passage of the virulent blood there is no immunization unless there is a febrile reaction. Now in the transmission by lice the monkey is apparently immunized without the production of a febrile reaction, and the blood of such a monkey if injected into another monkey fails to produce infection. This is rather a curious discrepancy which still needs clearing up.
Before concluding I should like to refer to the quite recent work of Sergent, Foley and Vialatte, and also to that of Rocha-Lima. Sergent and his colleagues describe cocco-bacilli from lice from cases of typhus; they note their affinity for Giemsa's. stain and a tendency to bipolar staining. They conclude that if these cocco-bacilli do not constitute the virus of typhus themselves one may consider that they are, as is the case with several Pasteurella, microbes which are witnesses that accompany the true and invisible agent of the infection. Rocha-Lima, in 1916, found in 95 per cent. of lice from patients in a prison .epidemic in 1914, large numbers of bodies which took on a red colour with Giemsa's stain. He thought they rather resembled bacteria without being absolutely the same in appearance. Prowazek examined these bodies and considered them to be the same as those found by him in the blood of the patients to which reference has been made above. In handling the lice both Prowazek and Rocha-Lima contracted the disease, of which Prowazek died. The shape of these structures varies from short elliptical coccus-like bodies to definite rods. The usual bacterial stains, such as methylene blue, carbol fuchsin, and carbol thionin, fail to colour the bodies satisfactorily; Loeffler's flagellar stain, carbol gentian violet, and in particular Giemsa's solution, stain the bodies very clearly. The author is convinced that these bodies are micro-organisms. Cultiva-tion of the organisms on agar and ascitic agar failed. Rocha-Lima has eight instances in which he produced typhus in guinea-pigs by injection of the contents of lice. In two cases he injected part of the gut contents of a single louse after having assured himself by microscopical examination that the material contained the suspicious bodies. This louse-virus had been kept going for nearly a year by passage from guinea-pig to guinea-pig. At the eleventh passage it was injected into a monkey, which exhibited a typical typhus reaction. This louse-virus immunized against the infection with the virus derived from patients. The author admits that, bodies similar to those described may very exceptionally be met with in lice which are not derived from patients infected with typhus.
Rocha-Linia extends his work in a later paper (May, 1916) , and cites some interesting experiments. He took lice which were presumably normal and let a certain number of them feed on typhus patients, the rest he f?d on normal people under similar conditions. Those fed on the typhus patients developed the bodies described above, the other group did not show them. The author now names these bodies Rickettsia prowazekei; he is of the opinion that they belong to the Strongyloplasmata and should be looked upon as Chlamydozoa. The parasites are located in the -cells of the gastro-intestinal tract of the lice. Cultural attempts made aerobically and anaerobically upon a large variety of media have so far failed.
When Rocha-Lima kept the lice at 23°C. between the feeds upon the infected patients, the Rickettsia did, not develop, and the injection of the material into guinea-pigs did not produce infection. If, however, they were kept at 32°C., the Rickettsia did develop and the injected lice produced infection in guinea-pigs. Rocha-Lima found that' the lice were not infective till the fifth day after feeding on infected blood. It will be noted that his results are in direct contradiction in regard to the optimum temperature at which to keep the lice to those of Nicolle, Comte and Conseil, of Ricketts and Wilder, and of Anderson and Goldberger. Rocha-Lima states without protocols that he has had positive results in experiments dealing with hereditary infection in lice. The larvw hatched from eggs laid by a mother on the sixth day after feeding on typhus-blood have shown themselves to be infected. Noeller tried feeding pig-lice on typhus patients, and at the same time let human lice suck the same patient's blood. The Rickettsia developed in the human lice and not in the pig-lice. I cannot touch for lack of tinme upon the application of serumtherapy to typhus; work along these lines has been carried out by Nicolle and his colleagues in North Africa.
DISCUSSION.
Dr. BROWNLEE: Before proceeding to discuss the various points in this paper I have to thank Miss Robertson personally for the trouble and care with which she has synopsized and discussed the work on typhus fever which has been carried on during the last few years. One of the great needs in science at the present day, with so many workers and so great a number of journals, is the periodic issue of such summaries. The history of typhus fever is especially difficult in view of its confusion with other diseases. For instance, the epidemic of fever in Scotland in 1843, which had a very low mortality, was in all probability relapsing fever, while tiat in Flanders in 1846, with a very high mortality, was equally likely cerebrospinal meningitis. Both these fevers were confused with typhus fever at that date, and still later cerebrospinal meningitis was not differentiated even by such an accomplished clinician as was Dr. Murchison. Among the interesting points noted by Miss Robertson regarding the epidemics in Serbia, one of the most important is the frequency with which complications such as parotitis, gangrene, &c., occurred. I am of the same opinion as Dr. Jeanneret-Minkine, the observer, that secondary infections are largely due to want of nursing care. I have seen a good deal of severe typhus fever and have had throughout the experience of finding it a disease with almost no complications; parotitis though occasionally present on admission in neglected cases, never developed in the hospital, and though local patches of gangrene occurred on the feet and legs during some epidemics, these rarely involved more than the skin, and never developed into extensive sloughs. With regard to susceptibility to typhus there is no doubt that racially there is considerable variation of immunity. The Irish both in Glasgow and London were attacked by the disease in greater proportion to their numbers than the native inhabitants, though possibly this may be explained to a certain extent by the more insanitary surroundings in which they lived. The chief value of the recent work on typhus lies, I think, in the proof that the disease is spread by lice, at least in the majority of cases. The theory that vermini spread typhus is not new. It was an idea always present to the Health Department of Glasgow. Dr. Russell told me that during the whole of his experience as Medical Officer of Health he had known no case of infection in the West End of Glasgow. * Many persons residing in the West End, such as house-factors, physicians, clergymen, &c., whose work led them into the typhus fever areas, contracted the disease, but in no case was there any spread to their families or to the nurses in attendance. When, in 1895r I joined the staff of the Fever Hospital in Glasgow, a very long stethoscope used to be given to physicians who wished to examine the chests of the typhus fever patients. This stethoscope was constructed to the order of a member of the staff, now dead, who said "that the stethoscope used for examining a typhus patient should be longer. than the longest leap of the strongest flea.', Miss Munro, the matron of the small-pox hospital at that time, who nursed through all the typhus epidemics of the sixties, a woman of very great natural powers of observation, and one whose opinion on the diagnosis of small-pox we were not accustomed to set aside without grave searchings of heart, was very clear that typhus was spread by lice, and from about 1901 this view I consistently taught to my fever students as the most probable. That the spread was due to vermin seemed almost conclusively proved by the epidemiological evidence. An important point is whether lice are able to pass on the parasite to their offspring, as is known to be the case with some other protozoal diseases. The fact that in the old days it was recognized that typhus fever convalescents were capable of spreading the disease under certain circumstances is in favour of this idea. An instance which occurred under my own observation also suggests this. * One of my nurses was away on holiday when typhus fever broke out; she had been nursing that disease on and off for twenty years without contracting the disease, and was considered immune. On returning from her holiday she was sent to the typhus fever ward as a matter of course, and there developed the fever about fourteen days after her return. The attack began severely, but her immunity was real, for the crisis occurred on the ninth day. In this case all the patients were convalescent on her return to duty, and in view of the very thorough cleaning typhus patients receive on their admission to the hospital, any lice present must have been of the second generation, hatched out from nits on the body hairs. If there is no other means of communicating the disease than through lice, this must, I think, be considered a case of mediate infection. With regard to the species of louse which can spread the disease, I am strongly of opinion that it is only the body louse, and that the head louse can have little or no part in the process. With regard to the parasites of typhus fever I think that probably the work of Prowazek and Rocha-Lima is most likely to be found valid. The diplococcus described by some as the parasite is easily enough found in the blood but can have no aetiological relation. Similar organisms are also easily found in other conditions in which it is known that they are at most secondary infections. The bodies which Prowazek describes as contained in the leucocytes, and which stain crimson with Giemsa's solution, seem a more likely explanation. These bodies are possibly identical with bodies I observed in the leucocytes in the spleen of those dead with typhus many years ago. The bodies observed, however, were much larger than those described by Rocha-Lima, though the staining reuctions were apparently identical. If of the same nature, therefore, the bodies I saw represent groups of the organism, and not single organisms. This is possible, as the examination of the spleen of patients dead from fever like typhus can rarely be carried out sufficiently soon after death to permit of good cytological observation.
Lieutenant-Colonel E. W. GOODALL: During the last twenty-five years I have seen several cases of typhus, but, as these cases have occurred at intervals and do not constitute epidemics, and as also at the present time I am away from home and unable to refer to my notes, it is difficult to enter fully into a discussion of the epidemiological bearings of the experimental work. While, in general terms, I can say that the clinical and epidemiological facts within my knowledge agree with the view that pediculi are important transmitting agents of the disease, I am disinclined to hold that we have here the full explanation of the facts. In particular, I doubt whether Pediculug. capitis is an important cause of infection; certainly cases have been observed in which this insect is unlikely to have been present. A small group of hospital cases came under my notice which illustrate this point. Speaking from memory the facts were, I think, as follows: Some twelve or fourteen years ago there were under my care at the Eastern Hospital three children under 14 years of age suffering from typhus. They were two boys and a girl. The girl and one of the boys were in the febrile stage of the disease, the other boy was convalescent. They were placed by themselves in a roomy, well-ventilated ward of three beds. Both the boys had been admitted from a general hospital, in which they had been treated as in-patients for some days. The girl had been in another ward at the Eastern Hospital for two or three days; that is to say, they had all three of them been subjected to the routine cleansing process which is usual in hospitals, and I think it is fairly certain they were free from pediculi of any description by the time they were moved into the special ward at the Eastern Hospital. Yet one of the nurses who was charged with their care-the night nurse-caught typhus, and had a severe attack. These three cases were part of a group of at least six, of which one, the medical practitioner who first attended the patients in their home, was fatal. Instances such as these incline me to believe that typhus may be transmitted by other means than lice, at any rate occasionally, just as plague of the pneumonic form may be transmitted directly from the lungs of a patient and not by means of the rat and the flea.
Major A. G. R. FOULERTON: I am doubtful as to the value of the earlier statistics in the matter of the case-mortality of typhus fever. In the past there has been much confusion of typhus, typhoid, and relapsing fevers, and epidemic cerebrospinal meningitis. During the war now in progress the casemortality of typhus fever amongst the Serbian Army in the Field has been 50 per cent.-about the same as the case-mortality was amongst French troops in the Crimean War. It is stated that the case-mortality amongst, Serbian prisoners of war, in Austrian and German hands, has been 25 per cent. in uncomplicated cases, and about 40 per cent. in an apparently large group of cases in which typhus fever and diphtheria were intercurrent. The Austro-German armies have had a considerable experience of typhus fever during the war, and a noticeable feature has been the frequent association, in the same patient, of typhus fever with other infeetive disease-influenza, diphtheria, dysentery, malaria, and typhoid and relapsing fevers. This varied association of infections is doubtless the result of cross-infection in hospital by the agency of typhus-infected lice. Similar cross-infection has come under my notice in connexion with an outbreak of another louse-carried disease, relapsing fever. The relative frequency of double-infection is an explanation, in part, of the variety of the parasites obtained on examination of the blood from cases of typhus fever. It is difficult to understand, in view of the results of exact experimental work, and with the knowledge that has been gained during the war, how the importance of insect parasites in the transmission of the unknown virus of typhus fever can be questioned. The spirochete of relapsing fever is certainly carried by ticks, by lice, and possibly by other insect parasites; it is equally certain that the louse is a carrier of the virus of typhus fever, and, so far as knowledge extends at the present time, probably the only common carrier. It is impossible to exclude any possibility of other means for the transmission of typhus infection; but the modern teaching is that a patient with typhus fever who has been freed from lice is no longer a source of danger to others. Nicolle has recently related some details of a criminal experiment, as to the transmission of typhus infection by lice, that came within his knowledge. A warder in a colonial prison maliciously transferred lice from a prisoner with typhus fever to two healthy individuals; both became infected. Professor Jurgens referred, at a joint congress of Austro-German army medical officers which was held at Warsaw in May, 1916, to an experiment carried out by the Germans. Twenty healthy men were confined closely with twenty men who were suffering from typhus fever, but who had been freed from lice, without any spread of the infection. Similar evidence is afforded in the experience of the Russian prisoners-of-war camps in Germany; when the prisoners were freed from lice thWe previous heavy prevalence of typhus fever disappeared. Again, preventive measures which were directed exclusively to the freeing of certain infected units from lice proved completely effective for the prevention of a danger, threatening at one time, of the introduction of typhus infection amongst allied troops on the Front in France. The seasonal prevalence of typhus fever correlates with the seasonal prevalence of lousiness as observed amongst troops in the field. In the colder months the men put on more clothing, are less inclined to wash themselves thoroughly, and sleep closely together in billets. In the summer months, less clothing is worn, personal washing is more thorough, the men bivouac out whenever they can; and lousiness amongst the troops is distinctly diminished. And doubtless seasonal conditions influence lousiness amongst the civil population in a similar way, so that in temperate climates typhus fever is a disease of the colder months. I believe that the same considerations apply in relapsing fever. In times of famine and privation, also, personal cleanliness is liable to be neglected; and so opportunity for the spread of typhus infection occurs. I do not think that the fact that a skin eruption rarely occurs amongst typhus-infected monkeys and guinea-pigs suggests in any way that the infection transmitted to them is hot that of typhus fever; a skin eruption is not by any means always present in human cases. For the rest, Nicolle and Blaizot kept two strains of the virus alive for two years by passage through series of guinea-pigs and monkeys. At the end of two years the blood of an infected guinea-pig injected into a healthy guinea-pig produced precisely the same signs Section of Epidenmiology and State Medicine of disease as those produced by inoculation either with the blood of a case of typhus fever, or with an emulsion of the bodies of lice from a case. The same pathologists have shown that the virus is retained in most of the tissues of infected guinea-pigs after all blood has been removed by irrigation of the vessels with normal saline solution. It does not appear to be probable that the Plotz-Baehr-Olitsky bacillus has any causative relationship to typhus infection. The -bacillus does not produce the symptoms of typhus infection in the guinea-pig, nor does inoculation with the bacillus protect the guinea-pig against infection by typhus blood. Also, it is highly improbable that a strictly anaerobic .organism can cause a disease of the nature of typhus fever. On the other hand, there appears to be a high probability that the organisrm, termed provisionally Rickettsia prowazeki, which has been identified by Toepfer and Rocha-Lima in the intestinal epithelial cells of lice from cases of typhus fever, represents a phase -in the evolution of the virus. Stempell has seen in the intestinal epithelium of infected lice small oval brownish bodies which may be identical with Rickettsia, as described by Ricketts and Wilder, Prowazek, Toepfer, and Rocha-Lima. The " coccobacillus " which Sergent, Foley, and Vialatte have identified in stained films of blood from cases of typhus fever, and also in films of the body juice of lice from cases of the disease; but which apparently they have not succeeded in growing on artificial media, possibly comes into the same category. The evidence as to the causative relationship of the louse-bodies to typhus infection is fairly substantial. Somewhat similar bodies have been described -as occurring occasionally in the intestinal contents of normal lice; but they have never been found within the epithelial cells except in lice from cases of -typhus fever. According to Rocha-Lima, the parasite appeared in the epithelium -of only a few of a number of artificially hatched lice by the fourth day after they had fed on a patient with typhus fever; on the fifth or sixth day after feeding -about 50 per cent. of the lice showed the alleged parasites; by the eighth and ninth days the proportion of the number of lice showing the parasite to the number of those free from it was about the same as obtained amongst lice taken freshly from a case of typhus fever. The inoculation of an emulsion made with normal lice was without effect on the guinea-pig: inoculation with an -emulsion made with lice containing these bodies was followed by a sequence of symptoms exactly similar to those following inoculation with blood from a case of typhus fever; and the animal was protected afterwards against the effects of inoculation with virulent typhus blood. If Rickettsia represents a phase in the evolution of the parasite of typhus fever, it appears to be probable that the parasite is a protozoon. What is known as to the transmission of the typhus virus is in accordance with what is known as to the transmission of certain other protozoal. infections from man to man through a necessary intermediate insect host. A comparison of the method of the transmission of the spirochaete of relapsing fever and of the unknown virus of typhus fever is of interest. In relapsing fever the transmission of the spirochaete is direct; the louse is only one of probably several accidental insect carriers. The ;spirochete is contained in the faeces of the louse, and probably can be transmitted by the bite. And so, a louse after feeding on a case of relapsing fever, can infect at its next feed on a healthy man. This is not so in the transmission of typhus virus. According to Nicolle, to whom must be credited most of our knowledge in the matter, the louse cannot transmit typhus infection until seven days after an infected meal, and does not transmit infection after the tenth day. In other words, the virus of typhus fever must undergo a phase of evolution, covering seven days, in the louse before it can be transmitted to man; and it loses its activity by the tenth day. Also the virus is contained in the body-juices of the louse, and is not present in the exereta. Nicolle's observations are confirmed, to some extent, by Rocha-Lima's observations just mentioned. Rocha-Lima found that Rickettsia first appeared in the epithelial cells of the louse on the fourth or fifth day after an infected meal, and apparently reached the maximum development on the eighth or ninth day. If Nicolle's observations are correct, then the louse must be regarded as a necessary intermediate host in the transmission of typhus infection, just as some species of Anopheles is necessary as an intermediate host in the transmission of malarial infection. The question is one of importance when preventive measures against the spread of infection are underconsideration. It is obvious that a quarantine of at least twenty-one days is necessary after the last man in an infected unit has been freed from licealfowing from seven to ten days for the evolution of the virus in the louse,. and from six to ten days for the incubation of the virus in man. And even twenty-one days' quarantine from the date of the last case of typhus fever does not cover every possibility. There is the possibility, suggested by a single positive experimental result, of the transmission of the virus from an infected female louse to the ova. However, the experience of the German army during the war has suggested that the risk of transmission through the ova to man is negligible.
Mr. A. BACOT: I have been rather surprised to hear doubt cast upon thetheory of contagion and the spread of typhus by clothes lice. So far as my knowledge and information go, the evidence shows a true bill against Pediculutshumanus as the normal transmitter of the disease. On the other hand, thepossibility of occasional transmission by the bed-bug should not be overlooked. The secretive habits and long life apart from the body of its host of Cimex lectularius would, supposing it to be implicated, afford a ready explanation of occasional-gaps between primary cases and subsequent infection, such as that occurring in the case mentioned by Dr. Brownlee, apart from any question of hereditary transmission through the nits of the louse. A question which I quite expected to hear discussed was the exact relation between famine and destitution and the course of the disease. Is this*direct-i.e., by way oflowering the resistance of the population ? Or indirect, due to misery and destitution resulting in more favourable conditions for the increase and spreading of the infective agent, the louse? Miss Robertson's reference to the' fact that there is a rise in the incidence of the disease in Ireland between theexhaustion of the stock of potatoes from the previous year and the availabilityat SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from of the new crop, occurring as it does in the warm period of the year, favours the theory of the direct as against the indirect action of destitution. On the other hand, her reference to the fact that destitution increases the incidence of relapsing fever as well as that of typhus favours the indirect explanation, because the factor common to the two disease organisms is that they both gain foothold in their host by way of the louse.
Captain M. GREENWOOD: With reference to the question asked by Mr. Bacot as to the relation between famine and typhus, it is to be remarked that epidemiological history furnishes more than one instance of famine without co-existing typhus. An instructive example is afforded by the case of Schomberg's army before Dundalk in the autumn of 1689. According to Macaulay, the commissariat arrangements of the whole army were inadequate, but the Dutch troops, who were well-disciplined and well-hutted, lost only eleven men, while the English, who were raw, undisciplined recruits, and so dirty that, in the words of a contemporary, "many of them, when they were dead, were incredibly lousy," suffered severely both from typhus and dysentery. Again, in the epidemic of 1817-18, the island of Rathlin, which was as famished as the mainland, had no cases while typhus was ravaging the nearest shores. All the accounts of Irish typhus in the nineteenth century point to the important part played by vagrants in spreading the infection.
Dr. HOWARD BARRIE: During the first year of the war I had the opportunity of observing clinically a large number of typhus patients in Serbia. This widespread epidemic began in the Fourth Reserve Hospital at Uskub, and it was from here that its extent and virulence became known to the world, notwithstanding the opposition of the local Serbian authorities.
At the time of its outbreak our wards contained approximately 1,200 patients. From November, 1914 , to February, 1915 , we had been free from typhus. About February 9 the first case was noted among some recent arrivals who had been transferred from several of the Northern Hospitals. Before the outbreak our patients were incredibly verminous, and the disease, once introduced, continued to spread with alarming rapidity until the vermin were disposed of. My experience does not lead me to suspect either the flea or the bed bug as carriers. There can be no doubt about the body louse being the principal offender in this respect. Possibly the head louse should be placed in the same category, although I am not convinced that the head louse is a carrier. The most decisive proof that one or both these species were entirely responsible for the conveyance was the immediate failure to observe fresh cases when they had been disposed of. The continued presence of the flea and bed bug were noted without additional cases of typhus appearing. Body lice unquestionably show a disposition to flee from infected patients, and in their outward " trek " feed u-pon the first host on which they find refuge. In this manner fresh cases are infected, and previously infected cases are submitted to an intensified infection. Vermin appear to die during the migration, presumably as a result of the toxins associated with the disease. I have had no reason to suspect any avenue of infection apart from that afforded by some lack of continuity in the skin. This may be due to a scratch or the bite of a flea or a louse. Possibly the infecting virus is deposited in the exereta of the louse. That the adult louse transmits the disease to its offspring seems impossible. Great as the mortality from typhus appears to be, relapsing fever actually kills more victims. Complications after typhus were remarkably few in our wards. Patients appear to die from failure of the circulatory apparatus. In the absence of vermin the disease is as harm-, less to attendants as puerperal or other septicamia. My experience is that the incidence of the disease upon the civilian population of Serbia was much overstated. Curiously enough the Turks were little affected. Frequent bathing may account for this immunity. Among our staff considerable immunity was apparently developed when bathing was frequent. Is it possible that water in itself acts as an efficient disinfectant ? A curiously interesting feature observed in the prodromal stages was the sudden and overwhelming intoxication which overtook the victim. A medical colleague started out after breakfast feeling perfectly fit. At noon, while still inspecting billets, he was conscious of a growing incapacity to co-ordinate his muscular efforts, and he was discovered sitting on a doorstep apparently suffering from the effects of alcohol. While incoherent and maudlin he complained of no discomfort. Again, the early onset may be noted in the patient's face hours before he himself is conscious that anything is wrong. Added to the bright eyes and increased vivacity of manner is the peculiar tint of the suffused face, which suggests the tint produced upon a solution of ha3moglobin by carbon monoxide-i.e., a bright cherry-red. Ambulant cases are not uncommon. An Austrian orderly employed in the kitchen reported unfit, and after several hours in bed, during which time be slept heavily, he persisted in walking about a long while, until he finally died of heart failure while crossing a common. In my command we were driven to the use of kerosene as a disinfectant, owing to the absence of any other material. From the time this was, employed not a single case of infection occurred among our attendants. Previous to its use, five or six attendants weekly showed signs of the disease. I believe the oil killed the vermin or prevented contact with the body. Both patients and attendants were anointed once daily, or once in two days with neat kerosene. Plenty of fresh air and suitable feeding, combined with good nursing, are effective in destroying the vermin, and will most effectively reduce the mortality of this disease.
